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ABSTFW3T

In the plasma flow round Comet Halley two unexpected structural features ware obaezwed in
addition to the anticipated bow shock and contact diacontinufcy, These features, observed
between the structure identified as bow shock and the contact d~gcontiriuity are described,

INTRoDUCTION

The .IPAinstrument on CLotto carried two thrae-dimensional positive-ion analyaers /1/. The
Fast Ion Sensor obtained ●n anergy/charge diatributlon once per mpfn, without mass
discrimination; the Implanted Ion Sensor included time-of-flight ●nalyafs for mass
discrimi.nation but required 32 spins to obtain ● complete energy d~atribution up to 90 keV,
The two aellsorsobserved the interactionbetwaen the molar wind and the implanted ~ometary
ions as the Giotto spacecraft traveraed the coma of Halley’s Comet traveling at 73 to the
comet-sun line and paasing 600 km sunward of the nucleus.

OBSERVATIONS

The measurement made by the Implanted Ion Sensor la ahown in figure 1. The panels show data
from three of the five detectors within the sansor set at different polar anglas with
respect to the spacecraft velocity vector and spin axis. The sensor classifies each event
into onc of five mass groups on-board. The data in theme panels ●re for the ❑ass group
between 13 and 25 ●m, Hovaver, because the fluxes in the solar wind are vary high, there
1s ● pile-up effect in the tl.mechannel which leada to some solar wind iona ●ppearing in the
heavier mass groups. Since the enargy tpectra of the solar wind Prot- ●nd the ~ea’V

cometary ions ●ra quite distinct, W* can take ●dvantav of th~ ●ffQct to ~~~ both
populations in ● singl~ plot, ●Lthough the ralatlve number of co~ta b~t~~an two

population la not corract. Tha lover .narUy spactmm la the solar wind; tha uppar ●nor8Y
●pactmm ia comotary ions in tho watsr group, Ovarall, tha plot shows tho solar wind balng

filowad down moro and mora by tha addition of cometary fona to tba flow, TIM ●nergy ●nd

direction of tha comtary ion flow indlcataa that they ara baing Injacted nearlY
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perpendicular to the magnetic field, without significant pitch nngle scattering outside the
bOW shock /2/.

The bow shock 18 one of two stmctural features that had been expected to exist in the
plasma flov around a comet. The other vas the contact discontinuity. Both these6features
vere found6by Giotto. The bow shock is a complex stmcture found betveen 1.13 x 10 km and
1.00 x 10 lunson the inbound leg with a foreshock region extending 250,000 km outside the
bow shock. These features have been described in more detail elsewhere /3/. The contact
discontinuityvas datected by both the magnetometer /4/ and the ion ❑ass spectrometer /5/ on
Giotto a. a distance of 4700 bzs from the nucleus. We concentrate the discussion here on
two other stmctural features which had ~oc been anticipated. The first occurs inbound at
2200 CRT when the spacecraft was 0.53 X 10 lam from the nucleus. Between the bov shock and
this point the energy spectnm of the vatergroup cometary ions is relatively broad extending
from less than 20 keV up to more than 60 keV. At 2200 tho spectntm changes suddenly (within
5 minutes) ●nd davelops a double pesk. The high energy portion continues at the energy of
the peak of the previous Bpectnum but at a reduced intensity. The second peak appears near
the lower anergy limit of the previous spectrum. After the suddm transition the high
enargy peak ramalns near the same energy but continues to decrease in intensity; the 10V
energy peak increases in intensity but decreases in energy. A possible explanation is that
the new low energy peak is formed from newly-ionized cometary particles created by
charge-exchangewith the more energetic ions created at greater distances. The lower energy
of the new ions is the result of the draping of aagnetic field Lines around the nucleus,
which decraases the ●ngle between the flow and the field /2/. While this explanation seems
consistent with the data it is not clear why the transition ftom the previous regime occur
so suddenly, A similar transition occurs on the outbound leg at a distance of 0,47 x 10

~

bns /6/.

The second unexpected structural featura occurs at 2338 CRT and is shovn in detail, us~ng
Fast Ion Sensor data, in figure 2. The lower panel which covers the angular range 20 -
72°, closest to the spacecraft velocity vector and spin axis, shows bothocompon~nts in the
energy spactmm; the upper panel, containing data from larger angles, 72 - 124 , show- only
the lower-anargy, solar wind componant. At 2338 CRT, 135,000 hns from the nuclaua the solar
wind component decreases rapidly in intensity ●nd disappear from both panels
simultaneously. The high energy, cometary-ion component penetrates to a distance of 61,200
Ionsfrom the nuclaus, finally disappearing ●t 2356 CRT. The disappearance of the solar wind
coincides Witit the beginning of the magnetic-field pile-up /4/.

On the autbound leg tha stmicture is similar but not identical. Both solar wind and
cometary components penetrate to ● distance of 65,000 kms (0027 CRT) ●lthough there fs
another sharp increase in tha solar wind flux at 0057 CRT, 188,000 kms from the nucleus. ~
the outbovnd leg there 18 no clear correlation with the magnatic field strength which
decreases more steadily /4/ ●way from the nucleus,

This feature, namely the disappearance of solar wind ions, has bren reported by Gringauz et
al /7/ using data from the VEGA-2 spacecraft ●t a diBtance of 160,000 km from the nucleus on
the inbound leg. Simultaneously they observe an increase in flux of cold cometary ions in
the rum direction. No information is ●vailable from the JPA instn.unonton this component
ainca the ram direction wan covarad by other instrumanta on Glotto. Unlike Giotto thare is
no significant corralatcd changa in tha magnetic field during tha Vega 2 ●ncounter /0/,
Oringaut ●t ●l /7/ haw callad this faaturo tha comatopausa ●nd hava poi~ted out that It ia
a boundary batw.m rosiona of diffarant chamical competition,
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SUXIIARY

In addition to the two expected features, a bow shock, and a contact dfsconti.nuity, two
other sharp transitions have been found in the plasma flow around comet Halley, They are:

a) a transition from turbulent plasma containing accelerated cometary ions, to a less
disturbed region containing two distinct populations of cometary ions at 540,000 km from the
nucleus.

b) the disappearance of flowing plasma of solar wind crigfn at 135,000 kms from the nucleus.
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Fig. 2. A plot of tha moasurcmants takm within ●pproxlmatoly 4 x 105 km of tho nucl-us.
Tha four times rofmrod to in tho text ●ra marked; ● - 2238, b - 2256, c - 0027, d - 00S7,
●ll times ●rt UT when tha mfgnal was roctivod at tha ground. es - marka tho position of
closost ●pproach whoro high intmsltias of dust impact pl~sma were recorded,


